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• No clear difference was found for the self-reported pain and distress reaction of children between an injection with the Wand ® or the traditional technique.
• It is of great importance to the dentist to know the level of dental anxiety of the patient since this seems to be of greater influence on children's reaction than the injection technique.
• The Wand technique does not seem to benefit dentally highly anxious children.
I N B R I E F

RESEARCH
Objective To compare the pain and distress response of children receiving a local anesthesia injection using a computerised device (Wand ® ) or a traditional syringe over two consecutive treatment sessions and to study whether the response to the two injection techniques was different for high or low dentally anxious children. Design Randomised controlled trial. Setting Secondary dental care practice specialised in treating children. Subjects and Methods Children were selected and randomly allocated to the Wand ® or traditional injection condition. Parents completed the Dental Subscale of the Children's Fear Survey Schedule (CFSS-ds). Based on video recordings of the injections, for each 15 seconds, the occurrence of five pain related behaviours was registered and a score was given on the Venham distress scale. Children rated their pain after each injection. Intervention Over two consecutive treatment sessions one group received two local anaesthesia injections with the tradi tional syringe and the other group received two injections with the Wand ® . Outcome measures The mean number of pain related behaviours, the mean distress scores and the self-reported pain scores were compared. Based on the CFSS-ds subjects were split into highly and low dentally anxious children. Results One hundred and forty-seven subjects participated in the study: aged 4-11 years, 71 girls. Based on the behaviour displayed during the local anaesthesia injection and the self-reported pain after the injection, no difference could be found between an injection with the traditional syringe or the Wand ® over the first or second treatment session. However, on the first treatment session, highly anxious children reported more pain (p = 0.001), displayed more pain related behaviour (p = 0.002) and more distress (p <0.001) than low anxious children in reac tion to the local anaesthesia injection. Conclusion No clear difference in the response of referred children could be found between an injection with the Wand ® or the traditional syringe. Level of dental anxiety was found to be an important factor in the response of children to a local anaesthesia injection.
INTRODUCTION
Dental caries is a common problem in young children. Often, more than one tooth is affected and several treatment sessions are needed. Although use of anaesthetics can lead to a relatively painless dental procedure, the delivery of local anaesthetic solutions and the needle puncturing the mucosa is known to be uncomfortable. Besides pain and discomfort, the prospect of an injection can also provoke anxiety, particularly in children. Research shows that about 14% of Dutch children between 4-11 years are dentally anxious and the strongest fears are associated with injections.
1,2 One of the systems developed to minimise pain and discomfort during local anaesthe sia injection is the Wand ® system. The Wand ® device is a computer-automated injection system that provides a pre cise injection flow-rate, regardless of tissue resistance. 4 In previous studies with children, divergent results are found with the Wand ® . Some showed lower pain ratings for injections with the Wand ® in compar ison with injections with the traditional syringe 5, 6 and another study 7 reported lower pain ratings upon anaesthetic solution depositing using the Wand ® system but similar pain ratings for nee dle insertion. In addition, there are also studies reporting no difference between the two injection methods, the Wand ® system and the traditional syringe. 8 In our earlier study we found that low anxious children showed less pain related behaviour when injected with the Wand ® compared with the tradi tional syringe. 10 No research has been done so far to study the effect of the Wand ® on the pain behaviour of chil dren over sequential treatment sessions. Therefore, to study if the positive effect of the Wand ® on low anxious children persists over treatment sessions, the aim of the present study is to compare the pain and distress response of children receiving a local anaesthesia injection using a computerised device (Wand ® ) with the response of children receiving topical anaesthetic (benzocaine) with a an injection using a traditional syringe cotton role, according to the manufac over two sequential treatment sessions. Furthermore, it was studied whether the response to the two injection tech niques was related to the child's dental anxiety level.
MATERIAL AND METHODS
Subjects
A total of 152 children were asked to par ticipate, however, three children could not be included in the study because their parents did not give permission to videotape the treatment session and two children because the parents did not have sufficient knowledge of the Dutch language to fill out the question naire. Therefore, this study was con ducted among 147 children. Children were selected as a convenience sam ple ie all children that came for treat ment during the study period and who met the selection criteria were selected. Selection criteria included: need for two subsequent treatment sessions requir ing local anaesthesia, age between 4-11 years and no suspected or known devel opmental delay. All patients were treated by two paediatric dentists in a special ised dental care clinic. For 20 children only their first treatment session could be included due to rescheduling of the second appointment ( 
Methods
Each child was randomly assigned to either the Wand ® (n = 71) or the tradi tional injection (n = 76) condition based on a randomisation list generated by SPSS (SPSS Inc, 12.0, Chicago, USA). To avoid possible preference of two den tists, they were required to decide on the tooth to be treated before the anaes thetic condition was revealed. For the Wand ® injections one of three insertion techniques was used after application of turer's instruction: the anterior middle superior alveolar injection (AMSA) or palatal anterior superior alveolar injec tion (PASA) for maxillary teeth and the periodontal ligament (PDL) for maxil lary teeth or the mandible. Traditional anaesthesia was performed after topi cal anaesthetic (benzocaine) had been applied with a cotton role, according to the manufacturer's instruction, in the area of the injection site. For max illary teeth, buccal or palatal injection sites were used, whereas in the mandible only the mandibular block anaesthesia was given.
All treatments were videotaped and analysed by two independent observers: an advanced psychology student and an advanced dental student. Both observ ers were extensively trained using vide otapes not included in the study.
Measurements
Pain related behaviour: Five differ ent pain related behaviours were each recorded as present or absent for every 15 second interval of the entire injection period: 1. Body movement, movement of greater than 15 cm of an extremity or turning of the body; 2. Muscle tension, clear tension in the hands (white knuck les) or tension of the body; 3. Crying or screaming; 4. Verbal protest; and 5. Bodily resistance, when it was needed to hold the child. For all of the fi ve behav iours the occurrence is summed and divided over the number of intervals to calculate the mean score of the pain related behaviours.
Distress: The behavioural response of children in dentistry is often a mixture of anxiety and pain, 11 therefore it was decided to also assess distress behaviour. The distress behaviour was measured using Venham's (modifi ed) clinical rat ing of anxiety and cooperative behav iour. The scale consists of six points: 1) relaxed, 2) uneasy, 3) tense, 4) reluc tant, 5) resistance, and 6) out of contact or untreatable. The scale has an estab lished reliability and validity. 12, 13 The Venham scores for all 15 second inter vals are summed and divided over the number of intervals to calculate a mean distress score.
Self-reported pain:
The pain experi ence of the child was measured using a modifi ed version of the visual rating scale (VRS). The scale resembled a ther mometer and consisted of 11 points run ning from 0 = no pain to 10 = worst pain possible. Parallel to the scale six faces were presented, expressing different levels of pain/distress so young children could point out the face matching their own level of pain/distress. 14 Dental anxiety: To assess the general level of dental anxiety of the child the parent was asked to complete the Dental Subscale of the Children's Fear Survey Schedule CFSS-DS on behalf of their child. The CFSS-DS has been exten sively validated and consists of 15 items, related to various aspects of dental treatment and each item can be scored on a 5-point scale 1) 'not afraid at all', to 5) 'very afraid'. Total scores thus range from 15-75. Previous research has indi cated scores below 32 as non-clinical. five pain related behaviours and gave a distress score on the Venham scale. After the dental injection, when the child was calm (eg after a sip of water), the dentist presented the modified VRS to the child and read aloud the standardised instruc tions. Next the child was asked to point out his or her level of pain on the scale. While the child was treated the parents filled out the CFSS-DS. As part of the routine in the dental clinic parents were not present during treatment. A reliability analysis was done using 20 cases from a training-video. Results showed a good agreement between two observers (Interclass correlations: 0.98 Venham scale and 0.93 pain related behaviours). The videotapes from the study were evaluated by both observ ers independently and in case of disa greement a final rating was reached by joint decision.
Statistical methods
Independent t-tests (injection time, age, CFSS-DS score) and Chi
2 tests (gender, experience with injection) were used for the randomisation check. Differences between the experimental and control group on a set of dependent variables were analysed using a multivariate anal ysis with dental anxiety as covariate. Sequential effects between the fi rst and second treatment session were calculated using a repeated measure analysis.
RESULTS
The study was conducted among 147 children (71 girls) aged 4-11 years (mean age 6.4 years, SD 1.7). In Table 1 the results are shown for the randomi sation check. No difference was found between the participants receiving the injections with the Wand ® (n = 71) and the participants receiving the injections with the traditional syringe (n = 76) regarding age, gender, dental anxiety level and earlier experience with dental anaesthesia injections. The time taken for an injection with the Wand ® , how ever, was on average three times longer (mean 153.3 SD 33.7 seconds) than the time needed with the traditional syringe (mean 47.8 SD 22.3 seconds) (t(144) = 22.46, p <0.001).
The mean CFSS-DS score for the total group was 30.33 (SD 11.24) and 38% (n = 53) of the children had a CFSS-DS score above 32 which means that these children suffer to some degree of den tal anxiety. The mean CFSS-DS score for the highly anxious children (HAC) was 41.77 (SD 9.14) and the mean CFSS-DS score for the low anxious children (LAC) was 23.24 (SD 5.06).
Injection on the fi rst treatment session
A multivariate analysis was done (MAN-COVA) with injection technique (Wand, traditional) and level of dental anxi ety (high, low) as independent variable, with mean Venham score, mean number of pain related behaviours and self reported pain score as dependent vari ables and location of the injection (upper or lower jaw) as covariate. The results showed no main effect for the injection technique (F(3,133) = 0.77, p = 0.51). There was no difference for the mean Venham score, the mean number of pain related behaviours or the self-reported pain score between children injected with the Wand or the traditional injec tion on the first treatment session. In addition, there was a signifi cant main effect for the level of dental anxiety (F(3,133) = 6.50, p <0.001). Subsequent univariate analysis showed that in the total group highly anxious children had a higher mean Venham score (F(1,135) = 13.44, p <0.001) displayed more pain related behaviours (F(1,135) = 10.15; p = 0.002) and gave a higher self-reported pain score (F(1,135) = 1245, p = 0.001) than low anxious children (for means see Table 2 ). The location of the injection *6 questionnaires were not filled out correctly and therefore excluded ** Significant difference P <0.01 Table 3 ).
Sequential dental visits
Subsequently three repeated measures analysis were done for: mean Venham score, mean number of pain related behaviours and self-reported pain over the first and second treatment ses sion with injection technique and level of dental anxiety as fi xed factors. The analyses for both the mean Venham score (F(1,117) = 0.33, p = 0.57) and the mean number of pain related behaviours (F(1,117) = 0.65, p = 0.42) showed no significant results. The analyses for the self reported pain showed a signifi cant main effect for level of dental anxiety (F(1,120) = 5.26, p = 0.024); low anx ious children had a signifi cant increase in their pain report from the fi rst (mean 2.19 SD 2.50) to the second (mean 3.43 SD 3.27) injection. No other signifi cant effects were found.
DISCUSSION
During the first and second treatment session no significant difference was found between the self-reported pain and distress reaction of children to an injection with the Wand ® or the tradi tional technique. Furthermore, the level of dental anxiety was not of infl uence anxious children responded similarly to an injection with the Wand technique or the traditional technique. The results of the current study could not replicate the finding of our previous research where the level of dental anxiety was found to be of infl uence. 10 When comparing the response of high and low dentally anxious children in the total group, the level of dental anxiety was found to be of influence on chil dren's response. During the fi rst injection highly anxious children reported more pain or displayed more distress and pain behaviour than low anxious children. The reaction of highly anxious children suggests that they lack suffi cient coping strategies resulting in, eg more crying, movement and verbal protest. A study on coping strategies and dental anxi ety showed that highly anxious children tend to use more behavioural (destruc tive) and less cognitive coping strate gies. 15 Highly anxious children seem to be sensitised before being referred to the paediatric dentist and exposed to the actual treatment. The same study on coping found that children who had experienced pain during a previous dental treatment had a higher level of dental anxiety than children who had not experienced pain during a previous dental treatment. 15 Perhaps, more treat ment sessions are necessary in order to habituate highly anxious children to a mild pain stimulus or more specifi c tech niques are needed like teaching children how to cope with dental injections.
Furthermore, low anxious children tend to report more pain after the second injection than after the fi rst injection. This could mean that these children get sensitised during the first treatment ses sion perhaps as a result of underestima tion of the amount pain.
A study on the pain felt after ear pierc ing showed children who under-predicted their pain on the first ear expected and reported significantly greater pain when the second ear was pierced in compari son with over-predictors or children who accurately predicted the pain for the fi rst ear. It seems recommendable to encour age children to expect realistic rather than minimal amounts of pain. 16 tists with many years of experience in delivering local anaesthesia injections. As a result, they seem to be able to do a good job with both techniques. Besides, topical anaesthesia was used before all injections so pain during needle inser tion was minimal.
The injection time of the Wand ® was much longer than that of the traditional method so children who are already reacting negatively to an injection seem to be longer in distress with the Wand ® system. Some limitations of the present study must be taken into account. First of all, this study is done with a referred popu lation with a relatively large proportion of dentally anxious children, therefore, caution must be taken when generalising the results. Further studies seem neces sary to analyse in more detail when the Wand technique is to be preferred over the traditional injection technique. Vari ables as injection site, volumes of aes thetic fluid and dental treatment could be of importance. It also seems useful to use a less anxious study population since this is found to be of great infl uence on children's response to a local anaesthe sia injection. In addition, further studies seem necessary to get an insight into the response pattern of children on sequen tial dental visits.
To conclude, the current study could not clarify the divergent results found in former studies with the Wand ® . It does seem that the level of dental anxi ety is of greater influence on children's reaction than the injection technique. Therefore, it is of great importance to the dentist to know the level of dental anxiety of the patient in order to help them tailor their treatment to the needs of their paediatric patients.
